assessment of the genetic relationships within and between the existing germplasm collections is mandatory.
Embrapa Dairy Cattle research center, a unit of Embrapa (Brazilian Agricultural Research Corporation), maintains the Active Germplasm Bank of Napier Grass (Embrapa-BAGCE) and for more than a decade has developed a breeding program on this forage. This program explores the existing genetic variability in more than 100 accessions available in the germplasm collections. The Embrapa-BAGCE is composed of clones, commercial cultivars, wild species of Pennisetum collected in Brazil, and interspecifi c hybrids between P. purpureum × P. glaucum. This germplasm bank has been characterized by morphological, chemical, cytogenetic, and molecular traits (Shimoya et al., 2002; Techio et al., 2002; Davide et al., 2007; Pereira et al., 2008) . However it still lacks a more detailed molecular description to characterize the genetic diversity among the accessions. Preliminary results done by random amplifi ed polymorphic DNA (RAPD) markers indicate the existence of identical accessions that were previously characterized as distinct ones (Pereira et al., 2008) . The study of genetic diversity of germplasm collections is essential to assist breeding programs, since the knowledge of diversity can help the selection of contrasting accessions.
DNA markers have been shown to be a powerful tool for characterization and genetic diversity estimation in forage species (Budak et al., 2003; Chotiyarnwong et al., 2007; Harris et al., 2009; Xie et al., 2009) . Among the various molecular markers available, one of the most used is the microsatellite marker. In comparison to multilocus markers, microsatellites have the advantage of their locus speci fi city, codominant nature, high polymorphism, and reproducibility (Powell et al., 1996) . In addition, their detection can be easily automated (Hernandez et al., 2002) . The major drawback of microsatellite markers is that they need to be identifi ed through genome sequencing information for each species examined for the fi rst time (Sudheer et al., 2011) . The development and application of microsatellite markers in plants has been restricted to a few agriculturally and economically important crops because of the high cost and labor involved in their identifi cation (Peakall et al., 1998 , Kuleung et al., 2004 . A viable alternative to identifying microsatellite markers in species with little genome information is the use of cross-amplifi cation between related species. In addition to reducing the cost, this strategy reduces the time required to identify microsatellite markers in many species (Roa et al., 2000; Lorieux et al., 2000; Brondani et al., 2003; Zhang et al., 2005) . The best results are obtained among plant species within the same or closely related genera. Peakall et al. (1998) found 65% marker transferability when using microsatellite markers among diff erent species within the genus Glycine, although the effi ciency dropped to 13% when analyses were conducted among species within diff erent genera. Transfer rates are variable among species, for example, 55 to 60% in Glycine (Hempel and Peakall, 2003; Peakall et al., 1998) , 17 to 100% in Pinus (Echt et al., 1999) , and 22 to 78% in Quercus (Isagi and Suhandono, 1997) .
In the present study, P. glaucum microsatellite markers were evaluated for their effi ciency in revealing crossspecies amplifi cation in P. purpureum. Furthermore, these orthologous microsatellite markers were used to evaluate the genetic diversity and phylogenetic relationships among Embrapa-BAGCE accessions.
MATERIALS AND METHODS

DNA Extraction
DNA samples were extracted from all 107 accessions of Embrapa-BAGCE and four samples of pearl millet (Pennisetum glaucum). For each accession, approximately 300 mg of young leaves were ground in liquid nitrogen and transferred to a 2-mL tube. DNA extraction was performed using the CTAB (cetyltrimethylammonium bromide ) procedure (Ferreira and Grattapaglia, 1995) .
DNA Amplifi cation with Microsatellite Markers
A total of 54 microsatellite primer pairs were tested in Napier grass. These markers were originally identifi ed in pearl millet from genomic DNA (Budak et al., 2003; Allouis et al., 2001) and expressed sequence tags (Mariac et al., 2006) (Table 1 ). All primer pairs were fi rst tested using six accessions from Embrapa-BAGCE and two samples of pearl millet. The polymerase chain reaction was performed in 20 μL reaction volume as follows: 1X GoTaq reaction buff er, 0.5 μM primer pair, 1.5 mM MgCl 2 , 0.2 mM dNTP (GE Healthcare), 1 unit of GoTaq Flexi DNA Polymerase (Promega), and 45 ng of genomic DNA. Polymerase chain reactions were performed on a GeneAmp 9700 thermocycler (Applied Biosystems) with the following cycle profi le: initial denaturation step at 94°C (5 min) followed by 35 cycles of 94°C (45 s), primer pair specifi c annealing temperature (45 s), and 72°C (1 min); and a fi nal extension cycle for 30 min at 72°C.
A total of 18 primer pairs with best amplifi cation patterns were resynthesized and conjugated with fl uorescent dyes (FAM, HEX, or TAMRA) at the fi rst nucleotide phosphate group of the forward primer. These fl uorescent primer pairs were used for genotyping all 107 accessions of Napier grass and pearl millet. Polymerase chain reaction components and cycling profi le were the same as described above. Amplifi cation products were precipitated, resuspended in Milli-Q water, and kept frozen until use.
DNA Fragment Size Detection
Amplifi cation products from the initial cross-amplifi cation trials were run on native 8% polyacrylamide gel electrophoresis at 400 V for 5 h. Gels were stained in silver nitrate solution, and the size of the amplifi ed fragments was estimated using 50-bp molecular weight markers (Promega).
Fluorescent amplicons were detected by capillary electrophoresis using the MegaBACE1000 DNA sequencer (GE Healthcare). DNA fragment sizes were estimated using Mega-BACE ET400-R molecular weight marker (GE Healthcare). Yes † † † Name assigned in our study. ‡ Name used in the referenced study. § Budak et al. (2003) . ¶ Allouis et al. (2001) . # Mariac et al. (2006) . † † Used in the diversity study.
Size calling was performed with Fragment Profi le software (GE Healthcare). Only electropherogram peaks of fl uorescence intensity above 50 were considered, and the fi nal data were exported to an Excel spreadsheet (Microsoft Corporation). In each sample, only the strongest and most reproducible fragments (all reactions were made in duplicate) were scored and included in the analyses.
Data Analysis
Dice's similarity coeffi cient was calculated for each accession pair combination, and the coeffi cients were used to construct a dendrogram according to the UPGMA (unweighted pairgroup method with arithmetic mean) algorithm. The principal components analysis (PCA) was performed using Dice's similarity coeffi cient. Cophenetic and bootstrapping analysis were performed to check the reliability of dendrogram branching. All computation analyses were performed with NTSYSpc software (Rohlf, 2000) . The ability of primer pairs to distinguish the accessions was evaluated by the resolving power (Rp) defi ned by Gilbert et al. (1999) as follows: Rp = ∑ I b and I b = 1-[2 × (0.5-p)] where I b is the allele informativeness and p is the proportion of accessions sharing the I allele (Gilbert et al., 1999) .
RESULTS AND DISCUSSION
Cross-Species Amplifi cation of Microsatellite Markers
Fifty-four pearl millet microsatellite primer pairs were tested to verify the potential of cross-amplifi cation in six accessions of Napier grass from Embrapa-BAGCE. Thirty primer pairs (55.5%) showed cross-species amplifi cation in Napier grass (Table 1 and Fig. 1 ). This result shows that the use of marker information previously described for closely related species is a good alternative for identifying microsatellite markers in species where no genomic information is available. According to Peakall et al. (1998) , the crossamplifi cation rate of microsatellite markers between species of the same genus can vary from 50 to 100%. Studies investigated the transferability of microsatellite markers in Theobroma cacao among three species of the same genus (T. grandifl orum, T. sylvestre, T. subincanum) and found a transfer rate of 74%, confi rming the high homology of DNA sequences between closely related species (Lemes et al., 2007) . In wheat (Triticum aestivum), which has a large and complex genome, the rate of transferability from simpler genomes such as rice (Oryza sativa) was 40% (Gupta et al., 2003) . Therefore, marker transferability is eff ective in reducing time and cost of initial studies aiming to identify microsatellite markers in orphan crop species.
The satisfactory transfer rate found in this study encourages new investigation in this fi eld. Pearl millet has hundreds of microsatellite markers that can be further evaluated for cross-amplifi cation in Napier grass. Microsatellite markers identifi ed through cross-species amplifi cation could be immediately used in intraspecies molecular characterization, species diff erentiation, molecular identi fi cation, and characterization of interspeci fi c hybrids. These markers could also be explored for genetic resource management and marker-assisted selection for economically important traits in breeding programs.
The length of the amplifi ed fragments generated in Napier grass showed the same expected base pair (bp) range originally described in pearl millet, except for primers M06 (235 bp in millet; 155-184 bp in Napier grass) and M08 (189 bp in millet; 292-330 bp in Napier grass) ( Table 2 ). The amplifi cation of fragments according to the expected size range in the reference species suggests that the amplifi ed loci are the same between these two species. Nevertheless, amplifi ed fragments from Napier grass should be sequenced to confi rm this.
Marker Polymorphism and Genetic Diversity
From the 30 primer pairs that showed cross-species amplifi cation in Napier grass, 18 primer pairs were selected on the basis of amplifi cation pattern and polymorphism. These selected microsatellite markers generated 180 alleles in 107 Napier grass accessions and 4 pearl millet samples (used as out-group). Despite the codominant nature of microsatellite markers, in Napier grass these markers were analyzed as dominant markers since Napier grass is a tetraploid plant (Fig. 2) . In polyploids, allele dosage of microsatellite markers cannot be easily determined (Pfeiff er et al., 2011) . As a result, microsatellite pro fi les of polyploid taxa are most commonly interpreted in terms of allele phenotypes (Esselink et al., 2004) , and peak patterns are usually coded as dominant data (Gerber et al., 2000; Andreakis et al., 2009 ). Thus, the informativeness of microsatellite markers in Napier grass was reduced but was compensated by a high number of alleles identifi ed. From the 180 alleles identifi ed, 27 were shared between Napier grass and millet, 138 were found in Napier grass only, and 15 were found in pearl millet only; in other words, Napier grass showed no heterologous amplifi cation for these alleles. Only 3 alleles (2%) identifi ed in Napier grass were monomorphic and 162 (98%) were polymorphic. A high number of alleles and high polymorphism are very important for correctly estimating the genetic diversity of a germplasm collection.
The number of alleles detected for each primer pair ranged from 4 (M53, M44, and M48) to 32 (M39), with an average of 10 alleles per primer pair ( Table 2 ). The Napier × 23A hybrid showed the highest number of alleles (43), while Costa Rica generated the smallest number of alleles (19). The allele size ranged from 87 to 330 bp.
The resolving power of each primer pair was estimated to determine the marker informativeness and to help in choosing primers for future studies. The resolving power ranged from 0.04 to 5.05, with an average of 1.55 (Table 2) . Among the 18 evaluated primer pairs, 9 showed resolving power smaller than 1, that is, markers are slightly informative. Nevertheless, the remaining markers showed resolving power at intermediate levels (1 to 5), favoring the molecular characterization of accessions. Harris et al. (2009) found an average of 13.2 for the resolving power in Napier grass using amplifi ed fragment length polymorphism (AFLP) markers, indicating that these markers are highly informative. The resolving power is an important index since it can be used to select the most informative markers to perform diversity studies, reducing the number of primers without compromising the results.
Another useful result is the identifi cation of unique alleles, since these data could assist the accurate identifi cation of genotypes. Forty-one unique alleles were found in 12 accessions. The Wild accession showed the highest number of unique alleles (16). Napier × 239 DA-2 and Mercker × 23A hybrids showed six unique alleles, each of which could be used to fi ngerprint these accessions if morphological traits are insuffi cient.
The average similarity coeffi cient (Dice) calculated among the 107 Embrapa-BAGCE accessions was 0.651, ranging from 0.254 to 1.0. The dendrogram based on Table 2 . Amplifi cation information of 18 microsatellite markers used in the Napier grass (Pennisetum purpureum Schum.) diversity study: total number of alleles, fragment size, and resolving power of each primer pair. UPGMA analysis grouped the 107 accessions of Napier grass into three major clusters with Dice's similarity coeffi cient of 0.5 (Fig. 3) . As expected, Cluster I was formed by Wild accession only; Cluster II was formed by three hybrid accessions (Napier × 239DA-2, Merker × 23A, and Napier × 23A), and Cluster III was formed by the remaining 103 accessions. Cluster II was formed by three millet × Napier grass hybrids. This cluster was grouped apart from the remaining 103 accessions of Napier grass, showing the high genetic distance between this group and the other accessions. Cluster II genetic divergence can also be noted by the lowest similarity coeffi cient (0.254) between accessions Napier × 239 DA2 (Cluster II) and Kizozi (Cluster III). The identifi cation of accessions with low similarity coeffi cients could be used to guide crossing in breeding programs. Crossing between genetically diverse parents is expected to produce progenies with higher genetic variation than progenies produced by closely related parents (Messmer et al., 1993) . In general, high yield and low genetic similarity between parents are the most preferred traits to guide crossing in breeding programs (Chotiyarnwong et al., 2007) . Exchange of accessions is very common among Napier grass germplasm collections, but in most cases, these exchanges are not accompanied by information about pedigree and origin of each accession. Because detailed information of many germplasm accessions are unknown, a single accession can be named diff erently in diff erent regions (Hanna et al., 2004) . In the present study, some accessions showed a similarity coeffi cient equal to 1, indicating that these accessions have common progenitors and probably are the same accessions labeled with diff erent names. The groups of accessions showing similarity coeffi cients equal to 1 were: Merkeron México Pinda, Merker86 Mexico, and IJ7126 'Empasc 3' (a in Fig.  3) ; Mineiro, Mineirão IPEACO, and IJ7125 (b in Fig. 3) ; BAGCE84 and 09AD IRI (c in Fig. 3) ; Napier N2 and Branco (d in Fig. 3 ). These results are consistent with those obtained by Pereira et al. (2008) who also identifi ed the existence of duplicates in Embrapa-BAGCE revealed by molecular characterization with RAPD markers in 30 accessions. In the present study, 107 accessions were investigated, which favored the identifi cation of additional duplicates not yet detected by Pereira et al. (2008) . In the early formation of this collection, many accessions were introduced from diff erent origins, and some genotypes could have had their original names changed. The re-registration of accessions in germplasm collections, including molecular marker information, is suggested as a strategy for solving problems about the identity and name of the accessions (Struwig et al., 2009) . In addition to the identifi cation of identical accessions, high similarity coeffi cients (>0.98) were found among accessions BAG-50, Gramafante, 11 AD IRI, 12 AD IRI, 10 AD IRI, and Fig. 3 ) indicating that these accessions could have the same genetic background. This information could be used to rationalize the germplasm collection, that is, some accessions could be discarded with no loss in genetic diversity. The information on genetic diversity and relationship among breeding materials is essential for plant breeders to effi ciently improve species (Chotiyarnwong et al., 2007) . Estimating genetic similarity among cultivars is helpful in selecting parental combinations as well as maintaining genetic diversity in breeding programs.
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Bootstrapping and cophenetic values were calculated to determine the accuracy and stability of the hierarchical clustering results. Bootstrapping values are indicated in the dendrogram (Fig. 3) , and the cophenetic correlation was 0.95. A cophenetic correlation near to 1.0 demonstrates concordance between the representations and the real data (Romesburg, 2004) .
Principal components analysis (PCA) was also conducted to better visualize the distribution of variability in Embrapa-BAGCE and to gain information about the distances among accessions in the dendrogram (Fig. 3) . The PCA elucidated 35.95% of the total variation and four groups were found: (1) all samples of pearl millet; (2) hybrids Napier × 239 DA-2, Merker × 23A, and Napier × 23A; (3) Wild; (4) remaining accessions of Napier grass (Fig. 4) .
As an important forage resource, Napier grass is extensively cultivated around the world. Many new cultivars and lines are frequently generated, increasing the genetic diff erentiation under artifi cial selection conditions (Xie et al., 2009) . In this scenario, the identifi cation of so many diff erent genotypes, relying solely on traditional morphological classifi cation, is diffi cult. Alcântara et al. (1980) characterized 25 Napier grass introductions using 15 descriptors and concluded that it is extremely diffi cult to separate the introductions by morphological characterization only. In contrast to morphological traits, which can be infl uenced by temperature, soil type, nutrients, insects, etc., the use of molecular markers can provide new insights to better understand the genetic variation within the germplasm collection (Harris et al., 2009) . Diff erent molecular markers such as isozymes, RAPD, sequence related amplifi ed polymorphism, and AFLPs have been used to help the characterization of Napier grass (Daher et al., 2002; Lowe et al., 2003; Xie and Lu 2005; Pereira et al., 2008; Harris et al., 2009 ). All these initiatives were able to successfully discriminate Napier grass genotypes on the basis of molecular marker information, but data comparison between labs is still diffi cult since many diff erent multiloci markers were used. This present work is the fi rst, to our knowledge, to describe microsatellite markers in Napier grass and advances the use of molecular markers in this species. Microsatellite markers show advantageous features when compared with other markers being used in Napier grass since they are locus specifi c, multiallelic, highly reproducible, and can be easily automated and detected. Therefore, data comparison between labs can be implemented, allowing a deep exploitation of the molecular information. Since microsatellite markers are highly reproducible and multiallelic they are very informative and can be used as an auxiliary tool to fi ngerprint Napier grass genotypes during the process of cultivar registration. Genotyping automation allows processing of a high number of analyses simultaneously in a short time with high accuracy. In the present work, all the molecular characterization was automatically performed, which facilitated the allele calling and the precise analysis of the results.
In conclusion, this work showed that species-related cross-amplifi cation is a successful approach for the identifi cation of microsatellite markers in Napier grass. A set of 30 microsatellite markers are now available and can be widely used in Napier grass for various purposes.
